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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a silicon wafer in which oxygen deposit is stably 
formed in dependent of crystal position or device process, a method of producing the same, 
and a method for evaluating the defect area of a silicon wafer whose pulling-up conditions 
and the defect area are unknown. 

SOLUTION: This silicon wafer is obtained by slicing a silicon single crystal rod grown with 
doping or without doping of nitrogen by a CZ method, and the whole surface of the silicon 
wafer is either one of NV-area, NV-area containing OSF(oxidation induced stacking fault)- 
ring area and OSF-ring area and further the concentration of interstitial oxygen is "14 
ppma. The method of producing such silicon wafer and the method of evaluating defect area 
of the silicon wafer are also provided. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other 
than the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1998,2000 Japan Patent Office 



http://www1 .ipdl jpo.go jp/PAl /result/detail/main/wAAAaOl 1 1 3DA41 31 39396P1 .htm 



01/12/04 




(19)B*S#lfft.(JP) (12) ^ H f# fF ^2J^ ^ (A) (ll)1#l^[±3SliiBB#^ 

#^2001-139396 
(P2001- 139396 A) 
mVjim B ¥^13^ 5B22B (2001. 5. 22) 



(51)Int.Cl/ 
C 3 0 B 29/06 
H 0 1 L 21/02 
21/322 
21/66 



F I 

C 3 0 B 29/06 
H 0 1 L 21/02 
21/322 
21/66 



(##) 
A 4 G 0 7 7 
B 4M 1 0 6 
Y 
N 



li^^CDSQ OL (± 12 M) 





322242 




000190149 












¥^1^11^ 12 B (1999. 11. 12) 




XmiPl^f^BB EACD F«? 1 T a 4 # 2 ^ 
















»S!Rg5fiif«aJ2Tsi3»i# mm^ 
























»»»fS*T&««2TB13SH* 
















100102532 



















(54) v'U3>';7X-A*J::K-S-<3DiJit>&S)5:6mc->'J3i>'J?x-A<Off4ffi*ji 



(57) [^^] 

e>nfc->ua>'j7x-/\ra5oT, ^->«jn>>:7x-A 

NVMJ®, OSF >) >{fmM^^tSNVm 
5i?igS*n 4ppmaeAT-ca&5->'Jn>':7X— A*3j; 




osF 'J y^rmmti-^tsNvmrn. osFu>yM«o 

L T WjE£ $ nfc v"J rj >*^^^$;6^ e, 5 ^ X L T# e. 
OS F U>i^««©l,i-rtl*^T?ab-5Ca:*«f{Si:f •5-> 

2 {rie« $ n/t u 3 > >5' X— /N. 

[^*«41 WISv'U3>':7X-A©*&^^rBli!?!lfi« 
JiU 4 p pmaetT-e35^C<i:$1tmt-r-5^^:S2i 
3 fclBMSnfcv' U n >"?x-A. 

^aSW^-r-S^fC, §l±tf3as*FC mm/mi n] 
ib, '>U3>«l[|,^d>e) 1 4 0 0'C(Z)K«)5l±tf<*:;^ 

^. ^S1''i>*^5^S^5a$T<OffiatD[ mm] 

izV. F/G[ mm^ /"C • m i n] <Z)M**atti: UT 

^«:S6^i-^SS:^Lfc^SliJ-?lj0ONVffi*K*;5:ttO S F ij 

mWkm.ffil 4 p pma«Tt*54:5C^S*?|^±lf 
« C t $#ai:f -5 U n >';rx-AC0Sijg>^j4, 
im^m 61. 5^ 3 i7 7 JPX C j; c T -> U 3 >m 
^fS&W^-rsiiSC, §l±lfjiS«F[ mm/mi n] 
iL. ->'Jn>©l6^36if, 1 4 0 oro^co^litftt:^ 
lRlCDMai*iiaftfiJEcD^i^M€:G[ "C/mm] T^LtS: 
^. iSStt''6;6>e.^a^a*-CC0KBID[ mm] 
tb. FXG[ mm* >"C • m i n] ©H^^ttiLT 
if^B^^^mV/tXf&'ij-^ffi^ONVmi^^ftitO S F u 

6^Si<fe§l#Jitf S C i: *!|#gt<!:-r-5 U n 
^■i^x-Arosis:!^*. 

5 X 1 o'*ffi/cm' tT^^it^i^mtr^m^me 

fwEifestifc->u 3 >'i7x-A®iJja:^ffi. 
Wfi^-rsfStC, *S^raK^JSa!*n 4 p pmaGCTtJa: 

;fettSf*a 7 $ tifc -> 'J 3 >'i7x-A<Diiie;& 
'j3>>:7x-A®iRsg®jt©ifffi;^»TS)oT. Tia® 

xatc .k 0 L.;t'>;a: < t 2 :3WiSlgWtUtr5BSS 
tt^t^ C t IC J: 0 W«Jt*«T*-5 5^ 'J 3 ^i^x-A® 
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(1) ^iffiM^Ta&-5r>x-AS2tS:£t±©>>x-A>4- 
(A, B, • . .) t^j-id-rs. 

(2) 5J-9I$n;t':7X-Acr)>i7x-A>^A$:6 0 0~9 

0 or waste ffl;i^?.jSiRb fcia*T 1 [-c] -e-s^s 

(3) Ti ra i^i^^mmmt rc/min] -cio 

0 0t:«±©fiST2 ["C] -^rx-AM-A 

Jt-rs (.fctcL. t^3t:/min) , 
10 (4) '^X-A)tA?&|»«l31jiPJ;DH0tab, -iTX-A 

(5) ^)-SlJ$tl>fi7X-A<OSlJ©'^X-A«-B^8 0 0 

~ 1 1 0 ox:(r>ummmA^^miiLfzm.XT 3 [x:] -c 
<T2 t-r-s) , 

(6) T3 CC] *^e>i}t3»Ma*t [r/min] 
W^T2 [r] *-C#fiLT'5'X-A>t'(DS5SWtH!K»*t 

(7) '!7X-AM-B€r3^®31j^J:DUDfflL, >:7X-A 

10 0 0 u 

f^i)im^<D>' u 3 >">x— A«)^!:si®a*»ffi-r-5:^Fi£ 

[0 0 0 2] 

T(ri«. mz, FPD, LSTD, COP^CD^D— > 
'f> (Grown-in) XKkizmitn^iKf&ifiW^ 

[0 0 0 3] ztuboxuk^wtm-r^tzmt^rsx, ^ 

->'Jzi>^ieaK:5tDiiSn5^'r5!7>W {Va 
cancy, B^TV tBSfH-r-S C td^afe-S) iUffitl-S 

(Interstitial-Si. £JIT I tlSISf S 

[0 0 0 4] ->Un>m«lfiC*5UiT, V-ffiJgJitt. 
Vacancy, '0^r)i^f)a>mf-<D'^&ii^?,^^-r 



3 




sfe^J-dS^IV* {'Pi3i\>^) -3.— h7}Vmm (Ne u t r a 

TVi^Citc;^:^, ^LT, mmifu-y-iyx^ (F 
PD, LSTD. COP^) tVi^CDfi, ab<St?fev 

[0 0 0 51 COii^.^^^^RSCDfifttt, CZmiZ^»^f& 

y-^^ti -mmii<DfS[(Dn-m.mz\t^ osf 

(S!ft:KS«S:XR5, Oxidation Indus 
ed Stacking F a u 1 t ) tlPffSns U > 

^^«^Sjgft*iO. 6 mm/mi nm^&.±.tit^m 
eSt^tlTli^FPD, LSTD, COP^ODi^P— 

J^SjSS*«0. 6 mm/mi n£tT«)4i-§-«, jtS 
:g3aSc7)«T(CffVi. ±SUfcOSF'J>i^;!i«^SC0^ 
iBd^e^^L. CO'J >^(7)i1.ii|{cefi:;U--:/gBi:# 
A5tlTViSL/D (Large Dislocati 
o n : |&^|BHEfi:;b— yOTBS-^, LSEPD, LFPD 

I - U >yg^ffiii5iiqJ(jttlTV^-5, 3 SC, ^gS^ 
^£Q- 4mm/m i nttm«TCffi3S(cr-S<i:> OSF 

[0 0 0 7] *7t. sifiv - u y^mmii I - 'J 
m<r)^mxosF}}>if(ofi\-m\z. s?LeHoFPD, 

LSTD, COPt), «Eti;U-7'jgHCDLSEPD, L 

FPDfe, $efcaOSFfe^¥ffiL;^ViN-®«0D#ffi 
**^mSnTVJ-5. :i©«^«OSFU>yo^tfi!lfc35 
0, ^LT, il5g«fttllS5M3S«iSL, X-raySl§?^ 

t^i:?S:<, LSEPD, L F P D^tJg^S^ns 

osF^)>ir<Dnm\z%. 3g?L®Ho^^sSfe, 
::^)BH©^i:S8t)#*E-a-f, OSF'b#ffiU;a:viN-®« 

[0 0 0 8] c:ne.(ON-®*s«, ^ 

c©N-«^{coviT, il^n>n7Si^ (V. V. Vo 
ronkov;Journal of Crystal 
Growth, 5 9 (1 9 8 2) 6 2 5~6 4 3)"C 

§i±(fjisi (F) iim^Mfi-mm3^^&.^m 

(G) <DJt-C*«F/Gi<rJ5/"?9^-i'**,*[^ifR8<7)h 
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[0 0 0 9] ®(*?<DG<iD5^?&$3fe^bT, 

± ^im^ F ❖ CTlf €, f I ± if fc^ ic, ab -5 ?l ± 
10 ii^\Zl3.'o1S., ^®:^MN-®«©«tS$*$:;^ 

i^'\ffi;^-r^tctt, ^<r>N-^mm\zmifi-o^nm\ 

MS*iJ5K;gT-5tCtie^TG*t^fk-r-5Cli:*#^ 

fe, :^@N-«JS<i:;>aSiSadti£:A:t?ir«<kp{c;a:r> 
[0 0 10] c:©N-m«ss6c^j-s-rsa:, osf 

[00 11] sec, CZffi'>U3>S«-Ctt, c<35J: 

TSifi4S»ic^-r-5-r >3'-:>-;i/^<y3'u >if^^(Dm.^f}^ 
'o. fkfikmv^<r}mnifi^^mM:\z-fs.-Dx^x\^^^, va^ 
V, mmmmitmi&m^mz^K&wr^fttbiz, =l- 

t¥oT. 7X-i^n-> (as grow 

n) m^'i'izi:iim^^Mmxm^-^tittmmm\hm i.^ 
[0 0 12] 7^A*'fxxe+-e©K5gwaii©stt2a^ 

T, KSiai«©i!i!1BlfcJ:DI6ie«rttlS:^JfflT€-5. - 
( 7' P -Ir X lU©<DiaS tc*3 v^T t* 
[0 0 13] «9Jit(f, i^P-X >trai^*«ii5ffiffi-e* 

50 »8»5ff8ftd«|pI-®'^X-ATfe, ilSS§l±tf*#^iK 




[0 0 141 

[0 0 15] XRSM«*<*^IIWi7X-AO«-&, 

[0 0 16] 3f=^HJ«. Ccoj:-5;*iaijS.^tcfi*«:Sn 

> -^7 X- A ® ^SS««SiFffl-r-S;5FS*Mft-r 5 c t 
33 -So ----- 
[0 0 171 

[^a^^^t-sfcse)w#g:] Wb2b«^^ 30 

bfc^EHtt, S''j3>':7x— Aaj±®*t, NVSi^, o 
S F U >i^®*gE*-i-trNVM«. OSF'J>i^««CDVi 
•rnA^T^O. *^-:3t&^rBlS!Jg28S7itl 4 p pma (0 

*m^x^ii«s^ (J E I DA) m^) e;T-c*-5c 

[0 0 18] Cl«)d:5tC>'"j3>>i;X— A<D^®dtNV 

(Bulk Micro Defect t.W\tn^^^ 
1 4 p pmaiilTTcbn«. /hS ^ii^P->'f >Waife 

^ Sr^gJiJ L/ ;t U u > >:7X->'N i: /ft ^ . 
[0 0 191^LT> iS:ftS2 (CfE«bfe^HJtt, 5^3 

i7 7 ; I' ;^ ^ - «fc 0 ^ ?S H - :/ L T W j« S ti ;t -> U 

A-(?*oT, ®E5^'J3>'>X— A(O^M*t, NVM«, 50 
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OS F U^i^ffi^^-g-tTNVffilS, OSFU>^'®«0 

[0 0 2 0] C®J;otC. h*-7'$tlfe->Ur3> 

i^<g«*«tMacn^*JSffibfefs«Ta&ti«, muz 

e> tl i> '> U 3 > -j; X— A <i: ^ . 
[0 0 2 11 SetC, i»*^3C£«L«:|ig^tt, WIB 

F-7'^n^^^S^*U X 1 0i''~5 X 1 Cli/c 
■Cafe-5C<i:^#1Si:-r'5->U n>>i7X-A-c*-S, 

D$#5fcJ6{ctti>;fe< tfe 1 X 1 oi»<H/cm» K± 

cOS^fiaiAtijjg-eS.'SC.fci, 5 X 1 oisfi/cm^ 

<0*6lf -5 pj^tt^jt * S e -5. 
[0 0 2 2] t^lt. »l*]g4tcga«bfcJ:afC, SSiSH 

-yLfcC?X-ACD^-&[C:fet,iTfc, l&^PflK9iljSft*« 
1 4 p pma£^T-efenii/h5t,ii^a->-f >:efti3^(D 
^«*^®tiCDT. ^gifi:g(CJ;^K*;&ftB«tl<^A7'y^ 

[0 0 2 31 ^M\Z. 3f:^BJ<0^5R^5 tClSSL-fclBB^ 

f §l±(fa«S:F[ mm/mi n] <hb, v'lj 

3>«ail^*^6 1 4 0 0'COIB©§l±tfift:Sr|^(OieS(*? 

'C^*^e)^SSa*-CWfESiD[ mm] F/ 
G[ mm' /*C-min] 0«*l8!fait LTXRS^>^&^ 

4 p pmaetTi:/ft5j;-5(CiSS^5l€±tfsciS4# 
a tf* U 3 >'5X-A<7)»jg:;&ST» 
[0 0 2 4] Il» • IBSO!^m*»«TLT 

*ae)fc0 8 Wi>;RI5j-?SH^7Ctr, V- U -y^^M^IKiNV 

i«Snfc«Si«t*?CJR*«J:5fC. i^a<:o?l±tfiSffiFi: 
->U r3>OSl!,iC*>S 1 4 0 0'C©|BI©?l±^fttl:;5•IeIOD^ 

S SftfiJSa G SrSflll L- T ^ f I ± If n 

«^ 3 nfc*^s# s X 7 < X L T» e nfc v"j p > 

X-ACD^®$, NV®«. OSFU>i'««<&^t?N 
V^«, OS F U >>/««(7)Vi-rtl*>fC-r-5Ct*t-e 
cnttfelc^&^PBl^siljia* 1 4 p pmaKTtC 
®I»L.Ti^aS:5l±tf-5Ci:*t-^^-5. «£oT, 

TfeK^#f[ijroA^^y^^*?^j?;&<, ^SLTBMD$# 
•5Ci:*fr#S. ^fr^PelK^iSS* 1 4 p pma 

KT t T S OT/h 3 V^i^ n - >-f >^I±1 ;g[CD^S Sfi < 




(5) 



[0 0 2 5] ^LT, ^mm<Dm^m6\zmmvit^m 

-r^mz. ^\±iimmt:F[ mm/mini tb. ->>J 

:3>roiis,^k*^5 1 4 0 0"CwPBi<D5l±tftt:5rS]®^lii*g 
fi«4uew¥i%«SG[ ■C/mm] ilSS* 
<il^d^5iSSMaS-e(7)ffilllD[ mm] F/ 
G[ mm^ /"C-min] »«$Sftt<t LT5<:R65i-^4 

TiSa$§I^±tf-5«^t:teViT. SSI* 10 

e. iSe^ * §1 #±tf 5 ^1 1 t:<i^mt-r^ -> u n >^7x-a 

[0 0 2 6] C«j:5;fe*<!}=T^^4§l±tfna, 
1^. OSF'J>iyMJg^^trNVM«c, OSF'J>i?'M 

M^sfc«o s F u >ifmi^^^^^\izni^t>mtEvrz 

[0 0 2 7] SI;*:^7{c^«LfeJ;'5{c:, M 

SK-::^-r'5^*!eg£*l X 1 0"~5x 1 Oi^iS/c 

te>^4&^raSE#SS*n 4 p pmaU~fiifS:^^z>\zm 

[0 0 2 8] dOi^t, SSIH — :^lCJ:0«J6TieSg 30 

fgeTJEMD^rft-SfeJ^tCttl X 1 O'^ffl/cm' Klii© 

Lc zm-^s^m^m^^\^±ii^mz. mM^itcomi 

t75:5^tHtdi*-5<DT5X 1 O^sfi/cm' fitTtt" 

K^igjia-i^ 1 4 p pmaeAT-e$>ntf/h;§?V>yn-> 

[0 0 2 9] ^bT*:^BJ<D«[*^9{ClS«L&5g?^ 
it. C Z&tC±0f^l3;^fnfc->'j3>'i7X-AO:^RSM 40 

< i t> 2 :30SE3R«f mi|»iSflES:Ji:«-r s ;i j; DS¥« 

(1) l¥ffi^t^-ca&^':7X-A«:2fe£t±w?x-AM- 
(A, B. • • •) {C^SdfS. 

(2) ^i-SiJ$nyi'i7X-ACD't7X— AM-A<£6 0 0~9 
0 OX:wfiSlgffl*^?.StRLfcSST 1 CC] 

(3) Tl ["C] ii^ib^UmSlt ['C/min] Tl 0 50 
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0 ox:&.±(numT2 rc] '5'x-am-a 

(5) ^J>Si|$tlfc'irx-A©SiJcD>^X-AM-B*8 0 0 

~i 1 0 o'coiasigffl*''e.js*?LfcfiafT3 ["ci -e 

<T2i:-r^) . 

(6) T3 [*C] *»5WIB#fi«flEt [*C/min] T 

MI2T2 cc] s-e»abTC?x-A4'©i6iif*fta!»7j« 

(7) -?X-AM-B$j»iS!!,ii^J:01lDi±lL, >:7X-A 

[0 0 3 0] tie3l5, ;^RI««*i*ai©'^X-Afl)«-&, 
^(D'j7X-A*^i:(7)^RIM^*^SfPS^nfcfccp-C&a 

xar a! J: ^ n.mmm^mm^7p-t(r>-ti^^=f^mT^ z. 

-AWXRSM^^Sffi-r-SCtd^T^, ff-e-TxA'-f 7. 
[0 0 3 1] «T, *^H^lCOV^T$e,(Ci¥aBir|jJ?q-r 

xiiiSi^*^i-^ita^«'i7x-A$ffl^L-. ctie© 

C7X-AC^*:w«|75:?aMS*S£b;t. -^x-a^TX: 
(T=7 0 0, 8 0 0. 9 0 0, 1 0 0 0) ICS3£Lfc 
T"C*^6 1 0 5 0*0*^1. 5*0/ 
m i nOj*a[-C#fiLT. 1 0 5 0t:T4^ra«^U 

fc. zom^msvt. M^^ms.(nm^\z^riTx:&^±rQ 
'^^ts.^u-y^ ymmm^S: i o 5 ot;-e?Hi«U3fev^-y 
-f xs-cj««s-a:T, s&ici 0 5 o'c-e4^ffl«}?f-r 

[0 0 3 2] aSTS.^itt, #a3SS«Sja'fb:(c:J:0i^n 
;^ flf ta ^ * ^ ^ S ■& V i ^ tc tS o T V ^ 5 d t T * 

■5, s^oT. z<Dmmmmi<Dmmmih'i!o (bmd : bu 

Ik Micro D e f e c t ) ««ttTt;«±-C^ 

mOBMDffig«*^1.^mh^i^7-7S (LST) T 
aiSUfc. ai^ffiS«X-y v^i^e. 1 0mmA:pfe<i:C15 
yO^^ 1 0mmrBlR5-C*'C^BB*-C. ggS^^Sd^^^^I 5 0 
i(im~ 18 0 tim«)MlSt?354. 
[0 0 3 3] e;±©J:^J5:«S^<0^*. yD->-i'>W 
' ai^ScD^«)S)etttt, OS FU >i^*it<i<l:bfe^|iSM 




[0 0 3 41 (.1) {fa-y-fymmmizxmmmiz<o 
T. m^<ommvitmmmsx (i 2-i4ppma) 

S«i*ttS5»Silft (15^17ppma) S^UT 
7 0 0'C-CBMD?lfaEdti X 1 0» /cm» T?* JO 

5«-&> 7 0 0 "c-vmwsimf^ifu-y-f >m\ii»<D^ 

Sdn X 1 0' /cm' -e*sz:t$^bTti-5, 
:*:#vi«ftas^«efiT?*)a#-cirs. se^r. 7oo"c 

-C©BMD5BS«, 7 0 0 'Cet±©®«-??S#^tB;5:^ 

[0 0 3 5] {1 -1) osF^} >ifpimmm (v-^j 
fRsaasj&asjJ^'iS n i* b m d ^esd^^s < tv^ 

<^oTVi;5. #{C, 9 0 Ot:£;±Tttl 0« /cm' 
^-5'-fi^Ti:;&0ffia6T<SVi, COTCtA^e. OSF 

[00 3 6] (1-2) OSF'J>y±tNV«« 

o s F u >i^±tN v®«-c©is^«:^E-n-ena 1 
(b) t (c) (c^r. wwtttaisi^uffiiais^ufc. 

O S F U >i^F«ifi!lttfc«LT, 9 0 0"C£A±T©BMD 

mm\zf5^:f3immm^m-diis<:f3i^xt>^^, 

:^ o T t> B MD < ^ft c tdst) 75^-5. 

OSFU>i^±iNV««CH:, i«figlft:TOSF*t5! 

^■r'5*i5*^©;>C#:^iSt'-»*^ab-S. Cl(Cav^«l 0 0 0 

[0 0 3 7] (1-3) Nltl-U-y^^* 

N I t I -U-y^M^-CWiS^Sriai (d) ICS^T, x 
-^'©:A?^>;iV>7!>t, «IfflttOS F 'J >d^f*ifl©«-&i:S 

[0 0 3 8] &.±<omMi>^<D. m^\mi6M&i!fi8 o o 
t;<i:i 0 0 or:(D^mwz^i,f^BMDmmim^-m 

«, ^•©'i^x-A3&?i:©XR6®«fCJ&:t)TV»**^^JBf-e 

[0 0 3 9] (.2) m^ms.&w^ so 
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( 2 - 1 ) iSSfiSCD^»*#J:Lfc:l-& 
BMD?BawK«SflE«??ttSa2lC^T. E^CDi^ti 

tl-en^aH*» 5 0 ~ 4 0 c m, 40~80cm. 80 
cm^XS^mVft. m2 (a) Ttt, 7 0 0'C-e®BM 
DafSiS 0 0'CT©BMDafJEiCD^*^bTVi«. 

cw^tt, 7 0 o'CTttS#T?ss*«8 0 or-eesff 
* D , iSSM*^ 5 8 0c ms^±(D^mxmmffim'pv 

[0 0 4 0] 02 (b) iZT^VftJz^lZ, 8 0 0~9 0 

0 2 (c) . (d) fC^bfeiatC, 9 0 0~10 
0 o*C&rXi 0 0 0'C£t-hT^:t:^:*:#Vi#fttlSco*OD 

[0 0 4 11 ( 2 - 2 ) ^RS««®l^»4#«bfc®^ 
B M.D a? S(OK*SSft#ttC* V^Ti<:RSfa«®|g»* 
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